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A Mobile App Delivering a Gamified Battery of Cognitive Tests
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Abstract
%DFNJURXQG 0RELOHSKRQHDQGWDEOHWDSSVDUHDQLQFUHDVLQJO\FRPPRQSODWIRUPIRUFROOHFWLQJGDWD$NH\FKDOOHQJHIRU
UHVHDUFKHUVKDVEHHQSDUWLFLSDQW³EX\LQ´DQGDWWULWLRQIRUGHVLJQVUHTXLULQJUHSHDWHGWHVWLQJ
2EMHFWLYH 7KHREMHFWLYHRIWKLVVWXG\ZDVWRGHYHORSDQGDVVHVVWKHXWLOLW\RIPLQXWHYHUVLRQVRIERWKFODVVLFDQGQRYHO
FRJQLWLYHWDVNVXVLQJDXVHUIRFXVHGDQGXVHUGULYHQPRELOHSKRQHDQGWDEOHWDSSGHVLJQHGWRHQFRXUDJHUHSHDWHGSOD\
0HWKRGV $ODUJHVDPSOHRIDSSXVHUV1 DWILUVWGDWDFROOHFWLRQSDUWLFLSDWHGLQPXOWLSOHVHOISDFHGVHVVLRQVRIFODVVLF
ZRUNLQJPHPRU\1EDFNVSDWLDOFRJQLWLRQPHQWDOURWDWLRQVXVWDLQHGDWWHQWLRQDOIRFXVSHUVLVWHQWYLJLODQFHWDVNDQGVSOLW
DWWHQWLRQPXOWLSOHREMHFWWUDFNLQJWDVNVDORQJZLWKWKHLPSOHPHQWDWLRQRIDFRPSDUDWLYHO\QRYHODFWLRQOHDUQLQJWDVN7KH³28
%UDLQZDYH´DSSZDVGHVLJQHGWRPHDVXUHWLPHRIGD\YDULDWLRQLQFRJQLWLYHSHUIRUPDQFHDQGGLGQRWRIIHUDQ\WUDLQLQJSURJUDP
RUSURPLVHDQ\FRJQLWLYHHQKDQFHPHQW7RUHFRUGSDUWLFLSDQWV¶FKURQRW\SHDIXOO0RUQLQJQHVV(YHQLQJQHVVTXHVWLRQQDLUHZDV
DOVRLQFOXGHGZKLFKPHDVXUHVZKHWKHUDSHUVRQ
VFLUFDGLDQUK\WKPSURGXFHVSHDNDOHUWQHVVLQWKHPRUQLQJLQWKHHYHQLQJRULQ
EHWZHHQ'DWDZHUHFROOHFWHGGXULQJDQPRQWKSHULRG:KLOHWKHDSSSURPSWHGUHHQJDJHPHQWDWVHWLQWHUYDOVSDUWLFLSDQWV
ZHUHIUHHWRFRPSOHWHHDFKWDVNDVPDQ\WLPHVDVWKH\ZLVKHG
5HVXOWV :HIRXQGDVLJQLILFDQWUHODWLRQVKLSEHWZHHQPRUQLQJQHVVDQGDJHU Q 3ZLWKQRHIIHFWRIJHQGHU
W í3 :HUHSRUWJRRGWDVNDGKHUHQFHZLWKaSDUWLFLSDQWVUHSHDWHGO\SOD\LQJHDFKJDPH!WLPHVHDFK²RXU
PLQLPXPHQJDJHPHQWOHYHOIRUDQDO\VLV5HSHDWHGSOD\VRIWKHVHJDPHVDOORZHGXVWRUHSOLFDWHFRPPRQO\UHSRUWHGJHQGHUHIIHFWV
LQJDPLILHGVSDWLDOFRJQLWLRQ) 3Șȡ VSOLWDWWHQWLRQ) 3 Șȡ DQGVXVWDLQHG
DWWHQWLRQDOIRFXV) 3Șȡ WDVNV:HDOVRUHSRUWHYLGHQFHRIDVPDOOJHQGHUHIIHFWLQDQDFWLRQOHDUQLQJ
WDVN) 3Șȡ )LQDOO\ZHIRXQGDVWURQJQHJDWLYHHIIHFWRIVHOIUHSRUWHGDJHRQSHUIRUPDQFHZKHQ
FRQWUROOLQJ IRU QXPEHU RI SOD\V LQ VXVWDLQHG DWWHQWLRQDO IRFXV Q  )  3 Ș  ZRUNLQJ PHPRU\
Q ) 3Ș VSDWLDOFRJQLWLRQQ ) 3Ș DQGVSOLWDWWHQWLRQWDVNV
Q ) 3 Ș 
&RQFOXVLRQV 8VLQJH[WUHPHO\VKRUWWHVWLQJSHULRGVDQGSHUPLWWLQJSDUWLFLSDQWVWRGHFLGHWKHLUOHYHORIHQJDJHPHQW²ERWKLQ
WHUPVRIZKLFKJDPLILHGWDVNWKH\SOD\HGDQGKRZPDQ\VHVVLRQVWKH\FRPSOHWHG²ZHZHUHDEOHWRFROOHFWDVXEVWDQWLDODQGYDOLG
GDWDVHW:HVXJJHVWWKDWWKHVXFFHVVRI28%UDLQZDYHVKRXOGLQIRUPIXWXUHUHVHDUFKRULHQWHGDSSV²SDUWLFXODUO\LQLVVXHVRI
EDODQFLQJSDUWLFLSDQWHQJDJHPHQWZLWKGDWDILGHOLW\
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FRJQLWLYHSV\FKRORJ\JDPLILFDWLRQPRELOHDSS0RUQLQJQHVV(YHQLQJQHVVPRELOHSKRQH
Introduction
5HFHQWDGYDQFHVLQWKHSHUIRUPDQFHDQGDFFHVVLELOLW\RI:HE
WHFKQRORJLHVKDYHUHVXOWHGLQLQFUHDVLQJXVHRI:HESODWIRUPV
WRFRQGXFWFRJQLWLYHSV\FKRORJ\UHVHDUFK/DUJHGLYHUVHFRKRUWV
HDVLO\ DYDLODEOH WR UHVHDUFKHUV DUH QRZ DFFRPSDQLHG E\
SODWIRUPVFDSDEOHRILPSOHPHQWLQJFRPSOH[WDVNVDQGDFFXUDWHO\
PHDVXULQJSHUIRUPDQFH>@0RYLQJRQIURP:HEEDVHGGDWD
FROOHFWLRQSRVVLELOLWLHVRIIHUHGE\FXVWRPEXLOWQDWLYHO\FRGHG
PRELOH DSSV LQFOXGH KLJK OHYHOV RI VWLPXOXV FRQWURO DQG
HQRUPRXV IOH[LELOLW\ LQ H[SHULPHQWDO GHVLJQ DQG GDWD
FROOHFWLRQ²ERWKIUHTXHQF\RIGDWDFROOHFWLQJVHVVLRQVDQGUDQJH
RI GDWD FROOHFWHG >@ %\ FROOHFWLQJ ODUJH VHWV RI FRJQLWLYH
SHUIRUPDQFHGDWDLQVLJKWVLQWRVXEWOHYDULDWLRQVLQFRJQLWLRQ
ERWKZLWKLQDQ LQGLYLGXDO DVKHUHRU DFURVV LQGLYLGXDOV DQG
FXOWXUHV>@DUHSRWHQWLDOO\DYDLODEOHWRUHVHDUFKHUV7KHDVSHFWV
RI WDVNV LQFOXGHGKHUHDUHSUHYDOHQW LQPDQ\HYHU\GD\VNLOOV
DQG DFWLYLWLHV²IURP SD\LQJ DWWHQWLRQ WR DOO SRWHQWLDO WKUHDWV
ZKHQFURVVLQJDEXV\URDG7UDFN²PXOWLSOHREMHFWWUDFNLQJ
WR SDFNLQJ D VXLWFDVH HIILFLHQWO\ 6SLQ²PHQWDO URWDWLRQ
8QGHUVWDQGLQJFRJQLWLYHSHUIRUPDQFHLVKXJHO\LPSRUWDQW(YHQ
LI ZH FRQVLGHU RQO\ KHDOWK\ PHQWDO IXQFWLRQ RQO\ E\
XQGHUVWDQGLQJRXUFRJQLWLRQ¶VIXQGDPHQWDOSURSHUWLHVFDQZH
GHVLJQRXUOLYHV>@ZRUN>@DQGSOD\>@WRHQDEOHRXURZQ
EHVWSHUIRUPDQFH>@
$ NH\ LVVXH IRU DOO SV\FKRORJ\ UHVHDUFKHUV LV UHFUXLWLQJ
SDUWLFLSDQWV:KLOHODERUDWRU\EDVHGVWXGLHVFDQRIWHQUHO\RQ
GHSDUWPHQWDOSDUWLFLSDWLRQUHTXLUHPHQWVWRHQVXUHDVWHDG\IORZ
RI²GHEDWDEO\²ZLOOLQJ SDUWLFLSDQWV WKH VDPSOH REWDLQHG LV
LQHYLWDEO\OLPLWHGLQGHPRJUDSKLFIDFWRUV>@:HEEDVHGDQG
DSSEDVHGVWXGLHVDUHRQHSRVVLEOHZD\RIUHVHDUFKLQJZLWKD
EURDGHUVDPSOHRISDUWLFLSDQWVEXWWRDFKLHYHWKLVUHVHDUFKHUV
PXVWHQVXUHWKHLUWDVNRUUHTXHVWLVDQHQJDJLQJRQHHVSHFLDOO\
LI LW UHTXLUHV UHSHDWHG WHVWLQJ VHVVLRQV IRU GDWD FROOHFWLRQ
(PEHGGLQJWKHH[SHULPHQWDOFROOHFWLQJWDVNZLWKLQDQHQJDJLQJ
IXQWRSOD\JDPHLVDQLQFUHDVLQJO\SRSXODUZD\RIWU\LQJWR
LPSURYH SDUWLFLSDQW HQJDJHPHQW DQG UHWHQWLRQ $ UHFHQW
V\VWHPDWLFUHYLHZRIJDPLILFDWLRQRIFRJQLWLYHWDVNVVXJJHVWHG
LQFUHDVHG HQJDJHPHQW DV RQH RI WKH PDLQ UHDVRQV IRU
JDPLILFDWLRQ>@0RUHRYHUWKLVUHYLHZKLJKOLJKWHGDGGLWLRQDO
EHQHILWVRIJDPLILFDWLRQVXFKDVUHGXFLQJDQ[LHW\DQGH[WHQGLQJ
WKH LQYHVWLJDWRU¶V UHDFK ZKLOH XQGHUOLQLQJ WKH SRWHQWLDO WKDW
JDPLILFDWLRQKDVWRLPSURYHGDWDFROOHFWLRQZLWKRXWQHFHVVDULO\
LPSDLULQJGDWD¶VYDOLGLW\
28%UDLQZDYHLVDEHVSRNHDSSODXQFKHGRQPXOWLSOHSODWIRUPV
GHVLJQHGWRFROOHFWUHVHDUFKGDWDZKLOHSURYLGLQJSDUWLFLSDQWV
ZLWKXQGHUVWDQGDEOHPHDVXUHVRIWKHLUSHUIRUPDQFHVDFURVV
IDFHWV RI FRJQLWLYH DELOLW\ 7KH DSS LQFOXGHV JDPLILHG WDVNV
GHVLJQHG WR PHDVXUH SHUIRUPDQFH RQ DVSHFWV RI ZRUNLQJ
PHPRU\ VSDWLDO FRJQLWLRQ VXVWDLQHG DWWHQWLRQDO IRFXV VSOLW
DWWHQWLRQDQGDFWLRQOHDUQLQJ,PSRUWDQWO\QHLWKHUGLGZHVHW
RXWWR³WUDLQ´SDUWLFLSDQWVLQDQ\RIWKHVHDVSHFWVRIFRJQLWLYH
DELOLW\QRUGRHVWKHDSSPDNHDQ\SURPLVHRILPSURYHPHQWWR
FRJQLWLYHSHUIRUPDQFHWKURXJKUHSHDWHGSOD\,QVWHDGWKHDSS
VHHNVWRPHDVXUHQDWXUDOYDULDWLRQLQSHUIRUPDQFHRQVXFKWDVNV
WKURXJKRXWWKHGD\>@DQGLQUHODWLRQVKLSWRDQLQGLYLGXDO¶V
VOHHSZDNHF\FOH>@7KHDSSDOVRDLPVWRXWLOL]HDODUJHVFDOH
VDPSOHWRDQVZHUWKHTXHVWLRQRIZKHWKHUVXFKYDULDWLRQVDUH
UHODWHGWRDQLQGLYLGXDO¶V0RUQLQJQHVV(YHQLQJQHVVVFRUH²LH
ZKHWKHU³/DUNV´SHUIRUPEHWWHUHDUOLHULQWKHGD\WKDQ³2ZOV´
ZKRSHUIRUPEHWWHUODWHU>@
+HUHZHSUHVHQWLQJDPHGDWDIURPWKHDSSUHSRUWRXUFRKRUW¶V
EURDG SHUIRUPDQFH DFURVV WKH  WDVNV LQ UHODWLRQVKLS WR WKH
UHVSHFWLYH WDVN OLWHUDWXUHV DQG DQ\ UHODWLRQVKLSV EHWZHHQ
GHPRJUDSKLF IDFWRUV DQG SHUIRUPDQFH DQG GLVFXVV EURDGHU
LVVXHV RI JDPLILFDWLRQ DQG WDVN GHVLJQ IRU XVH LQ DSSEDVHG
WHVWLQJ
Methods
28%UDLQZDYH
7KH 28 %UDLQZDYH DSS ZDV GHVLJQHG DQG FUHDWHG LQ
FROODERUDWLRQZLWKDQH[WHUQDOGHYHORSHU&RQMXUH/WG/RQGRQ
8.(DFKJDPHLQFOXGHGLQWKHDSSZHQWWKURXJKQXPHURXV
URXQGV RI GHYHORSPHQW ZLWK XVDELOLW\ DQG SDUWLFLSDQW
HQJDJHPHQW JLYHQ HTXDO ZHLJKW IRU HVVHQWLDO IDFWRUV RI GDWD
YDOLGLW\ DQG H[SHULPHQWDO GHVLJQ 7KH DSS ZDV ODXQFKHG RQ
$QGURLGDQG L26PRELOHSKRQHSODWIRUPV LQ)HEUXDU\
7KHODXQFKZDVSXEOLFL]HGWKURXJKEORJSRVWVDQGWUDGLWLRQDO
PHGLDFRYHUDJH,QDGGLWLRQSDUWLFLSDQWVZHUHHQFRXUDJHGWR
SXEOLFL]HWKHDSSWKURXJKDQEXLOWLQIXQFWLRQRIVKDULQJDJUDSK
RIWKHLULQGLYLGXDOUHVXOWVWRVRFLDOPHGLD
(WKLFDO DSSURYDO IRU WKLV VWXG\ ZDV REWDLQHG IURP WKH 2SHQ
8QLYHUVLW\+XPDQ5HVHDUFK(WKLFV&RPPLWWHH ,PPHGLDWHO\
XSRQ GRZQORDGLQJ DQG RSHQLQJ WKH DSS SDUWLFLSDQWV ZHUH
SUHVHQWHGZLWKDQLQIRUPHGFRQVHQWVWDWHPHQWZLWKZKLFKWKH\
ZHUHUHTXLUHGWRDJUHHYLDDWLFNER[WRFRQWLQXHXVLQJWKHDSS
2QFHFRQVHQWZDVUHFHLYHGDXQLTXHSDUWLFLSDQW,'IRUHDFK
SDUWLFLSDQWZDVJHQHUDWHGWROLQNSDUWLFLSDQWDQGIXWXUHVHVVLRQ
GDWD 6KRXOG LQGLYLGXDO SDUWLFLSDQWV ZLVK WR ZLWKGUDZ WKHLU
FRQVHQWDWDODWHUGDWHWKH\FRXOGGRVRWKURXJKDVHWWLQJVVFUHHQ
'RLQJVRGHOHWHGDOOSDUWLFLSDQWGDWDRQWKHGHYLFHDQGUHWXUQHG
WKHSDUWLFLSDQWVWRWKHDSS¶VRSHQLQJVFUHHQZKHUHWKH\KDGWR
DJUHHDJDLQ WR WKHFRQVHQWVWDWHPHQW WR UHXVH WKHDSS$WQR
SRLQWZDVDQ\SHUVRQDORUSRWHQWLDOO\LGHQWLI\LQJLQIRUPDWLRQ
FROOHFWHGIURPWKHSDUWLFLSDQWV
3DUWLFLSDQWVHQWHUHGVLPSOHGHPRJUDSKLFLQIRUPDWLRQJHQGHU
PDOHRUIHPDOHDQGDJHLQ\HDUVDOWKRXJKSDUWLFLSDQWVFRXOG
FKRRVHQRWWRDQVZHUHLWKHURIWKHVHTXHVWLRQV3DUWLFLSDQWVWKHQ
FRPSOHWHG WKH LWHP 0RUQLQJQHVV(YHQLQJQHVV VHOIUHSRUW
TXHVWLRQQDLUH0(4>@7KH0(4LVDZHOOHVWDEOLVKHGDQG
YDOLGDWHG UHVHDUFK WRRO ZKLFK PHDVXUHV ZKHWKHU D SHUVRQ
V
FLUFDGLDQUK\WKPSURGXFHVSHDNDOHUWQHVVLQWKHPRUQLQJLQWKH
HYHQLQJRULQEHWZHHQ>@DQGWKHLWHPYDULDWLRQRI
WKHRULJLQDOTXHVWLRQQDLUHZDVXVHGKHUHWRPRYHSDUWLFLSDQWV
WRWKHPRUHLQWHUDFWLYHDVSHFWVRIWKHDSSDVTXLFNO\DVSRVVLEOH
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8VLQJ WKH RULJLQDO VFRULQJ RI WKLV 0(4 LPSOHPHQWDWLRQ
SDUWLFLSDQWV ZHUH FRGHG LQWR RQH RI  W\SHV UDQJLQJ IURP
³VWURQJO\PRUQLQJW\SH´WR³VWURQJO\HYHQLQJW\SH´7KLVUHVXOW
ZDV VKDUHGRQVFUHHQZLWK WKHSDUWLFLSDQWV DQG WR HQFRXUDJH
FRQWLQXHGDQGUHSHDWHGSDUWLFLSDWLRQWKH\ZHUHWKHQSURPSWHG
WRFRQWLQXHWRWKHJDPHVWR³VHHLI\RXUSHUIRUPDQFHPDWFKHV
\RXUEHOLHI´
7KHDSSDOVRDWWHPSWHGWRDPHOLRUDWHKLJKDWWULWLRQUDWHVIURP
ZKLFKPRELOHSKRQHDSSVVXIIHUE\GLVSOD\LQJWKHSDUWLFLSDQW
SHUIRUPDQFHJUDSKRQO\RQFHWKHSDUWLFLSDQWKDGFRPSOHWHG
VHVVLRQV7KLVZDVPDGHFOHDU WRSDUWLFLSDQWVHDFK WLPH WKH\
XVHGWKHDSSXQWLOWKH\KDGFRPSOHWHGWKLVUHTXLUHPHQWDWZKLFK
SRLQWDJUDSKRIWKHLUSHUIRUPDQFHRQHDFKRIWKHJDPHVDQG
DVDQDJJUHJDWHVFRUHZDVVKRZQ7KHVHJUDSKVZHUHGHVLJQHG
WRVKRZSDUWLFLSDQWVYDULDWLRQLQ WKHLUSHUIRUPDQFHVRQ WDVNV
DFURVVGD\DQGQLJKWUDWKHUWKDQWRUHYHDODEVROXWHSHUIRUPDQFH
OHYHOV$VVXFK WKHSHUIRUPDQFHYDOXHVZHUHQRUPDOL]HGIRU
HDFKSDUWLFLSDQWWRKLJKOLJKWWKHEHVWDQGZRUVWVFRULQJVHVVLRQV
$FFRPSDQ\LQJ WKH SUHVHQWDWLRQ RI WKHVH JUDSKV ZHUH LFRQV
HQFRXUDJLQJWKHSDUWLFLSDQWWRVKDUHWKHLPDJHRQVRFLDOPHGLD
$W WKH EHJLQQLQJ RI HDFK VHVVLRQ LH RQ HDFK VXEVHTXHQW
ODXQFKLQJ RI WKH DSS SDUWLFLSDQWV ZHUH DOVR DVNHG XS WR 
DGGLWLRQDOTXHVWLRQV$ VLQJOH LWHPRIPRRG UDWLQJ >@ZDV
LQFOXGHGDWWKHVWDUWRIHYHU\VHVVLRQ³+RZLV\RXUPRRGULJKW
QRZ"´WRZKLFKWKH\UHVSRQGHGYLDDYLVXDODQDORJVFDOH9$6
VOLGHU,IDVHVVLRQZDVWKHILUVWRQDJLYHQGD\SDUWLFLSDQWVZHUH
DOVRDVNHGZKDWWLPHWKH\KDGZRNHQIURPVOHHSDQGKRZPDQ\
KRXUV RI VOHHS WKH\ KDG KDG WKH SUHYLRXV QLJKW 3DUWLFLSDQWV
FRXOGRSW WR VNLS DQVZHULQJ WKHVHTXHVWLRQV DQG FRQWLQXH WR
JDPHV (DFK VHVVLRQ FRPSULVHG DOO  JDPHV ZKLFK ZHUH
SUHVHQWHGLQDUDQGRPL]HGRUGHU3DUWLFLSDQWVFRXOGFKRRVHWR
VNLS DQ\ JDPH GXULQJ D VHVVLRQ EXW ZHUH HQFRXUDJHG WR
FRPSOHWHWKHPDOOWKURXJKJDPHE\JDPHUHVXOWVJUDSKVRIWKHLU
LQGLYLGXDO SHUIRUPDQFH ZLWKLQ WKH DSS 7KHVH JUDSKV ZHUH
VKRZQRQO\DIWHUIXOOVHVVLRQVWRHQFRXUDJHDPLQLPXPOHYHO
RIHQJDJHPHQWDQGZHUHXSGDWHGZLWKHDFKSOD\DIWHUWKLVSRLQW
WRSURPRWHFRQWLQXHGSOD\
*DPHV
+RWVSRW$FWLRQ$FTXLVLWLRQ7DVN
7KH+RWVSRWJDPH LV DYDULDWLRQRQDQDFWLRQGLVFRYHU\DQG
DFTXLVLWLRQWDVN>@,QWKLVWDVNSDUWLFLSDQWVPXVWGLVFRYHUD
WDUJHWDUHDE\WLOWLQJWKHLUSKRQHRUWDEOHWWRUROODQRQVFUHHQ
EDOOLQWRDWDUJHWDUHD)LJXUH7KHWDUJHWDUHDLVXQPDUNHG
DQGQRIHHGEDFNLVJLYHQXQWLOWKHWDUJHWDUHDLV³GLVFRYHUHG´
E\WKHSDUWLFLSDQWUROOLQJWKHEDOORYHUWKHDUHDDWZKLFKSRLQW
WKHEDOO¶VFRORUFKDQJHV3DUWLFLSDQWVPXVWWKHQXVHWKLVFRORU
FKDQJHWRJXLGHWKHPLQEULQJLQJWKHEDOOWRUHVWZLWKLQWKHWDUJHW
DUHD7DVNGLIILFXOW\ZDVDGMXVWHGLQGHYHORSPHQWE\LQFOXGLQJ
DPLOOLVHFRQGVGHOD\EHWZHHQ VXFFHVV LH HQWU\ LQWR WKH
WDUJHWDUHDDQGDIHHGEDFNVLJQDOLHEDOO¶VFRORUFKDQJH7KH
HIIHFWRIGHOD\VRIWKLVW\SHDQGPDJQLWXGHLVWRLQFUHDVHWDVN
GLIILFXOW\>@DQGZDVLQWHQGHGWRSUHYHQWFHLOLQJHIIHFWVDPRQJ
DSSSDUWLFLSDQWV7KHJDPHFRQVLVWHGRIDWWHPSWVDQGHDFK
DWWHPSWSUHVHQWHGDQHZUDQGRPO\FKRVHQWDUJHWDUHDFRYHULQJ
RIWKHJDPHDUHQD¶VWRWDOVSDFHZLWKWKHEDOOFRYHULQJKDOI
RIWKDWDUHD7RVXFFHHGLQWKHJDPHSDUWLFLSDQWVKDGWRNHHS
WKHEDOOZLWKLQWKHWDUJHWDUHDIRUPLOOLVHFRQGVRIDVHFRQG
ZLQGRZ6FRUHVZHUHDOORFDWHGVRWKDWRISRLQWVDYDLODEOH
ZHUHDZDUGHGIRU ILQGLQJ WKH WDUJHWDQG WKHUHPDLQGHUZHUH
DSSRUWLRQHGDFFRUGLQJWRPLOOLVHFRQGVHODSVHGEHIRUHWKHEDOO
UHPDLQHGZLWKLQWKHWDUJHWDUHDIRUWKHUHTXLUHGWLPH
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5HDFW3HUVLVWHQW9LJLODQFH7DVN
7KH5HDFWJDPHZDVLQWHQGHGWREHDQLPSOHPHQWDWLRQRIWKH
SV\FKRPRWRUYLJLODQFHWDVN>@'XULQJWKHGHVLJQSURFHVVLW
ZDVGHFLGHGWRDGMXVWKRZWKHWDVNZDVRSHUDWLRQDOL]HGLQWKH
JDPHWRWU\WRLQFUHDVHSDUWLFLSDQWHQJDJHPHQW7KLVZDVGRQH
E\LQFOXGLQJDVLPSOHFKRLFHHOHPHQWZKLFKZDVLQDGGLWLRQWR
WKH UHDFWLRQ WLPH WDVN DQG QRW D VWDQGDUG SDUW RI WKH FODVVLF
SV\FKRPRWRUYLJLODQFHWDVN3DUWLFLSDQWVZHUHSUHVHQWHGZLWK
ODUJHUHGFLUFXODUEXWWRQV)LJXUH$WDUDQGRPLQWHUYDO
IURPWRVHFRQGVRQHEXWWRQFKDQJHGFRORUWRJUHHQDQGWKH
SDUWLFLSDQW KDG WR WDS WKH DSSURSULDWH EXWWRQ ZLWKLQ D
PLOOLVHFRQGVZLQGRZ$XGLWRU\DQGYLVXDOIHHGEDFNZDV
JLYHQRQERWKFRUUHFWDQGLQFRUUHFWUHVSRQVHV7KLVZDVUHSHDWHG
WLPHV3DUWLFLSDQWVFRUHVZHUHHVVHQWLDOO\VLPSOHUHDFWLRQWLPH
PHDVXUHV ZLWK VFRUHV UHGXFLQJ DFFRUGLQJ WR PLOOLVHFRQGV
HODSVHG EHIRUH D FRUUHFW UHVSRQVH ZDV UHFRUGHG DIWHU D
PLOOLVHFRQGVJUDFHSHULRG5HVSRQVHVPDGHEHIRUHWKHFRORU
FKDQJHRULQFRUUHFWEXWWRQSUHVVHVVFRUHG]HUR
6SLQ0HQWDO5RWDWLRQ7DVN
6SLQ LV DJDPLILHG LPSOHPHQWDWLRQRI D VSDWLDO URWDWLRQ WDVN
XVLQJWKHVWLPXOXVVHWGHYHORSHGE\%HWKHOO)R[DQG6KHSDUG
>@VKRZQLQ)LJXUH7KLVVWLPXOXVVHWFRQWDLQHGSRVVLEOH
SDWWHUQVRIILOOHGVTXDUHVZLWKLQDîJULGDYRLGLQJH[FHVVLYH
VLPSOLFLW\RUGLIILFXOW\DQGURWDWLRQDOV\PPHWU\RISDWWHUQ(DFK
SDWWHUQFRQWDLQHGRUJURXSVRIILOOHGVTXDUHVZLWKLQWKH
JULG:KLOHWKHRULJLQDOSDSHUVSOLWWKHVHLQWROHYHOVRIGLIILFXOW\
DOOSDWWHUQVZHUHSUHVHQWHGKHUHLQDUDQGRPRUGHUZLWKLQD
JLYHQVHVVLRQWRSURYLGHWKHSDUWLFLSDQWYDULDWLRQ,QWKH6SLQ
JDPHSDUWLFLSDQWVZHUHUHTXLUHGWRPDWFKWKHWHVWLPDJHZLWK
RIWKHRSWLRQV)HHGEDFNZDVJLYHQLQWKHIRUPRIWLFNVDQG
FURVVHVLQFLUFOHVDWWKHWRSRIWKHVFUHHQDQGDWLPHUZDVVKRZQ
ZLWKWKHUHPDLQLQJWLPHIRUWKHWDVN
3DUWLFLSDQWVZHUHSUHVHQWHGZLWKDODUJHLPDJHRIWKHWDUJHWJULG
DQGKDGWRFRUUHFWO\LGHQWLI\WKHURWDWHGYHUVLRQRIWKLVJULGIURP
DOWHUQDWLYHVSUHVHQWHGEHORZ7KHFRUUHFWYHUVLRQZDVURWDWHG
DW UDQGRP E\   RU  GHJUHHV ,QFRUUHFW RSWLRQV
FRQVLVWHG RI WKH WHVW SDWWHUQ UHIOHFWHG HLWKHU YHUWLFDOO\ RU
KRUL]RQWDOO\ 3DUWLFLSDQWV KDG  VHFRQGV WR PDNH DV PDQ\
FRUUHFWMXGJPHQWVDVWKH\FRXOGXSWRDPD[LPXPRIDQG
FRUUHFWRULQFRUUHFWDXGLWRU\DQGYLVXDOIHHGEDFNZDVJLYHQDIWHU
HDFKUHVSRQVH
)LJXUH 6FUHHQVKRWVRI28%UDLQZDYHDSSVKRZLQJ5HDFWJDPHLQVWUXFWLRQVDQGSOD\VFUHHQ
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)LJXUH 6FUHHQVKRWVRI28%UDLQZDYHDSSVKRZLQJ6SLQJDPHLQVWUXFWLRQVDQGSOD\VFUHHQ
6XSHU6QDS1%DFN$QDORJ
$VLPSOHLPSOHPHQWDWLRQRIWKHFODVVLF1EDFNWDVNZDVXVHG
DVDWHVWRIZRUNLQJPHPRU\)LJXUH7KH1EDFNWDVNKDVD
ORQJKLVWRU\RIXVHLQVWXGLHVRIZRUNLQJPHPRU\>@VHH.DQH
>@IRUDGHWDLOHGGLVFXVVLRQRIWKH1EDFN¶VFRQVWUXFWYDOLGLW\
+HUHDVHULHVRIEULJKWO\FRORUHGVKDSHVLHFLUFOHKH[DJRQ
UKRPEXVVTXDUHVWDUDQGWULDQJOHZHUHVKRZQRQVFUHHQDQG
SDUWLFLSDQWV KDG WR WDS WKH VFUHHQ WR PDUN ZKHQ WKH FXUUHQW
VKDSHGPDWFKHGZLWKSUHYLRXVO\VKRZQWZRVKDSHV(DFKVKDSH
ZDVSUHVHQWHGRQVFUHHQIRUVHFRQGVDJDLQVWDEODQNEODFN
EDFNJURXQGZLWKDQLQWHULWHPGHOD\RIVHFRQGV$XGLWRU\
DQGYLVXDOIHHGEDFNZDVJLYHQDIWHUHDFKUHVSRQVHDORQJZLWK
DWLFNRUFURVVDWWKHWRSRIWKHJDPHSOD\ZLQGRZ3DUWLFLSDQWV
ZHUHVFRUHGE\WKHQXPEHURIFRUUHFWUHVSRQVHVDQGWKHJDPH
FRQWLQXHGXQWLOPDWFKHVKDGEHHQSUHVHQWHGRUUHVSRQVHV
LQFOXGLQJ IDOVH DODUP LQFRUUHFW UHVSRQVHV KDG EHHQ PDGH
3DUWLFLSDQWVVWDUWHGHDFKVHVVLRQZLWKDVFRUHRIDQGORVW
SRLQWVIRUHDFKLQFRUUHFWUHVSRQVHRUPLVVUHFRUGHG
7UDFN0XOWLSOH2EMHFW7UDFNLQJ
7KH 7UDFN JDPH )LJXUH  LV D JDPLILHG YHUVLRQ RI D
PXOWLSOHREMHFWWUDFNLQJWDVN>@,QWKLVWDVNSDUWLFLSDQWVKDG
WR WUDFN WKH ORFDWLRQ RI  PHPEHUV RI DQ DUUD\ RI LGHQWLFDO
PRYLQJEDOOV$VXEVHWRIEDOOVRQVFUHHQZDVKLJKOLJKWHGEHIRUH
WKH VWDUW RI WKH WULDO EHIRUH UHYHUWLQJ WR ZKLWH RQFH WKH WULDO
VWDUWHGDQGDOOEDOOVEHJDQWRPRYH3DUWLFLSDQWVZHUHILUVWVKRZQ
DVWDWLFDUUD\RIRUEDOOVRIZKLFKZHUHKLJKOLJKWHG
LQSLQNUDWKHUWKDQWKHFRORUZKLWHRIWKHRWKHUEDOOV$IWHUD
VHFRQGFRXQWGRZQKLJKOLJKWHGEDOOVUHYHUWHGWRZKLWHDQG
DOO EDOOV EHJDQ PRYLQJ RQ LQGHSHQGHQW UDQGRPO\ DVVLJQHG
WUDMHFWRULHV(DFKEDOO¶VVSHHGDQGGLUHFWLRQRIPRYHPHQWZDV
DGMXVWHGUDQGRPO\EHWZHHQHDFKIUDPHDQGFROOLVLRQVEHWZHHQ
EDOOV RU ERUGHUV ZHUH KDQGOHG VXFK WKDW QR EDOO ZDV HYHU
RYHUODSSHGRUH[FHHGHGWKHSOD\LQJDUHD7KHEDOOVFRQWLQXHG
LQ PRWLRQ IRU  VHFRQGV DIWHU ZKLFK WLPH WKH HQWLUH DUUD\
VWRSSHGDQGSDUWLFLSDQWVZHUHLQVWUXFWHGWRWDSWKHEDOOVWKDW
KDGEHHQKLJKOLJKWHGDWWKHVWDUWRIWKHWULDO7ZRWULDOVRIHDFK
DUUD\VL]HZHUHVKRZQZLWKVHWVL]HVSUHVHQWHGLQDQLQFUHDVLQJ
RUGHU3DUWLFLSDQWVZHUHVFRUHGRQWKHQXPEHURIEDOOVFRUUHFWO\
LGHQWLILHGZLWKQRQUHVSRQVHVFRXQWHGDVLQFRUUHFW(DFKFRUUHFWO\
LGHQWLILHGEDOODGGHGDVFRUHRIVRDPD[LPXPVFRUHRI
DFURVVWULDOVZDVSRVVLEOH$XGLWRU\DQGYLVXDOIHHGEDFNZDV
JLYHQDIWHUHDFKWULDODORQJZLWKDWLFNIRUFRUUHFWLGHQWLILFDWLRQ
RI DOO EDOOV RU D FURVV IRU HDFK WULDO DORQJ WKH WRS RI WKH
JDPHSOD\DUHD
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Results
'HPRJUDSKLFV
1XPEHURI'RZQORDGVDQG3DUWLFLSDQWV
7KH 28 %UDLQZDYH DSS ZDV ODXQFKHG RQ ERWK $SSOH DQG
$QGURLG VWRUHV RQ -DQXDU\   'LVFRYHU\ RI WKH DSS
SHDNHG LQ LWV ODXQFK PRQWK ZLWK  LQVWDOODWLRQV GXULQJ
-DQXDU\ZLWKWKHH[SHFWHGGURSRIIRILQVWDOODWLRQVEURNHQRQO\
E\ VPDOOHU SHDNV LQ $SULO  DQG -DQXDU\ ²ERWK
SUREDEO\GXHWRIXUWKHUSXEOLFLW\$JDLQOLNHPDQ\DSSV28
%UDLQZDYHIRXQGIDUPRUHXVHUVRQWKH$SSOHSODWIRUPWKDQRQ
WKH$QGURLGSODWIRUP²ZLWKURXJKO\WZRWKLUGVRIXVHUV
DFURVV WKH PRQWK GDWD FROOHFWLRQ ZLQGRZ XVLQJ $SSOH
GHYLFHV
6HSDUDWHO\DQGIDUPRUHLPSRUWDQWO\WKDQWKHUDZQXPEHURI
GRZQORDGVLVWKHQXPEHURIDFWLYHDSSXVHUV$VZLWKPDQ\
PRELOHSKRQHDSSVPDQ\GRZQORDGHUVHLWKHUGLGQRWRSHQWKH
DSSRUGLGQRWHQJDJHZLWKWKHDSSVXIILFLHQWO\WREHFRQVLGHUHG
DFWLYHXVHUV
2ILQVWDOODWLRQVEHWZHHQDSSODXQFKDQG-XO\
 XVHG WKH DSS VXIILFLHQWO\ WR XSORDG VRPH GDWD WR WKH
VHUYHUPHDQLQJDOPRVWGRZQORDGHUVGLGQRWRSHQWKHDSS
DIWHU LQVWDOODWLRQ(QJDJLQJZLWK WKHDSS IRUD VLQJOH VHVVLRQ
RQO\²WKHPRVWSRSXODUGHFLVLRQDPRQJGRZQORDGHUV²ZHUH
XVHUVFRQWULEXWLQJDWPRVWGHPRJUDSKLFDQG0(4GDWD
DORQJZLWKDVLQJOHVHVVLRQ¶VSOD\WRWKHGDWDVHW$WWULWLRQDPRQJ
WKH UHPDLQLQJZDVSUHGLFWDEO\ VWHHSZLWKRQO\
XVHUVSOD\LQJIRU!VHVVLRQVGURSSLQJWRXVHUVDW
VHVVLRQV $OWKRXJK QR FRQWDFW LQIRUPDWLRQ ZDV GHOLEHUDWHO\
FROOHFWHGVRSUHFOXGLQJDQ\VXUYH\RISDUWLFLSDQWVZKRVWRSSHG
HDUO\SRWHQWLDOGLVLQFHQWLYHVPD\KDYHLQFOXGHGWHFKQLFDOLVVXHV
SDUWLFXODUO\ ZLWK WKH $QGURLG DSS ³SHVWHULQJ´ E\ DSS
QRWLILFDWLRQVRUDSHUFHSWLRQWKDWWKHDSS¶VGHPDQGVZHUHWRR
KLJK
-XVWRYHUXVHUVSOD\HGVHVVLRQVDQG MXVWRYHU
SOD\HGVHVVLRQV$GGLWLRQDOO\HDFKXVHUZDVIUHHWRSOD\
VRPHRUDOOJDPHVGXULQJDJLYHQVHVVLRQVRZKLOH
XVHUV FRPSOHWHG  SOD\V RI DQ\ VLQJOH JDPH RQO\ 
FRPSOHWHGSOD\VRIDOOJDPHV)RUWKLVUHDVRQODWHUDQDO\VHV
ZHUH FRQGXFWHG RQ D JDPHE\JDPH OHYHO DQG QR RYHUDOO
SHUIRUPDQFHPHDVXUHZDVFDOFXODWHG
'HPRJUDSKLFVRI7RWDO3DUWLFLSDQW&RKRUW
2IWRWDOSDUWLFLSDQWVVHOIUHSRUWHG
DVPDOHDQGDVIHPDOHZLWKRQO\
 GHFOLQLQJ WR DQVZHU WKH JHQGHU TXHVWLRQ
6HOIUHSRUWDJHVRIDOOSDUWLFLSDQWVDUHVKRZQLQ)LJXUH
'LVWULEXWLRQRISDUWLFLSDQWV¶UHSRUWHGDJHVVKRZQLQ)LJXUH
UHYHDOV D VKRUWFRPLQJ RI LPSOHPHQWDWLRQ RI VHOIUHSRUW
GHPRJUDSKLFGDWDFROOHFWLRQ:KLOHGHFOLQHGWRDQVZHU
WKHDJHTXHVWLRQDQH[FHSWLRQDOO\ODUJHQXPEHURISDUWLFLSDQWV
UHSRUWHGWKHLUDJHDV\HDUVFRPSDUHGZLWKIRU
\HDUVWKHQH[WPRVWFRPPRQDJH:KLOHWKLVPLJKWZHOOEHDQ
DFFXUDWHILJXUHLWFRXOGSRWHQWLDOO\EHDQDUWLIDFWFDXVHGE\WKH
UHTXLUHPHQWIRUSDUWLFLSDQWVWRFRQILUPWKH\DUHRYHU\HDUV
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RQPXOWLSOHREMHFWWUDFNLQJSHUIRUPDQFHLWZDVPXFKVPDOOHU
WKDQWKDWIRU5HDFW6XSHU6QDSDQG6SLQQ ) 
3 Ș 7KHUHZDVQRUHODWLRQVKLSEHWZHHQDJHDQG
SHUIRUPDQFHRQWKHDFWLRQGLVFRYHU\WDVN²WKH+RWVSRWJDPH
Q )  3 Ș 7KHVHDQDO\VHV
ZHUH DOVR FRQGXFWHG ZLWK D FRUUHODWLRQDO DSSURDFK DQG WKH
SDWWHUQRIUHVXOWVZDVEURDGO\VLPLODU
0RRG
%HIRUH VWDUWLQJ HDFK VHVVLRQ RI JDPHV SDUWLFLSDQWV ZHUH
SUHVHQWHGZLWKDVLQJOHPRRGUDWLQJWRZKLFKWKH\UHVSRQGHG
YLD D 9$6 VOLGHU 7KHVH DGGLWLRQDO GDWD ZHUH FROOHFWHG WR
LQYHVWLJDWH WKH UHODWLRQVKLS EHWZHHQ PRRG DQG FRJQLWLRQ
3UHYLRXVUHVHDUFKKDVVXJJHVWHGDFRPSOH[UHODWLRQVKLSEHWZHHQ
HPRWLRQVPRRGDQGSHUIRUPDQFHRQFRJQLWLYHWDVNV>@
ZLWK ERWK EHQHILFLDO DQG GHWULPHQWDO LPSDFWV RQ FRJQLWLYH
SHUIRUPDQFHUHSRUWHGIURPDVLQJOHIRUH[DPSOHSRVLWLYHPRRG
LQGXFWLRQ>@+HUH UDWKHU WKDQ LQGXFLQJDJLYHQPRRGZH
VLPSO\ UHFRUGHG WKH SDUWLFLSDQW¶V VHOIUHSRUW RI SUHH[LVWLQJ
PRRGFDSWXUHGE\DVLQJOHLWHP9$6PHDVXUHEHLQJ
WKHKDSSLHVW>@
7REHDVLQFOXVLYHDVSRVVLEOHDOOSDUWLFLSDQWVFRPSOHWLQJ
SOD\VRIHDFKJDPHZHUHLQFOXGHGLQWKLVDQDO\VLVDQGFROODSVHG
DFURVVDJHDQGJHQGHUJLYLQJJURXSVL]HVIURP+RWVSRW
WR5HDFWIRUHDFKRIWKHJDPHV1RVWURQJUHODWLRQVKLS
EHWZHHQSDUWLFLSDQWV¶DYHUDJHPRRGDQGDYHUDJHSHUIRUPDQFH
ZDVIRXQGIRUDQ\RIWKHJDPHVZLWKDOO3HDUVRQFRUUHODWLRQ
YDOXHVIURPWR6LPLODUO\ZKHQFRUUHODWLRQFRHIILFLHQWVIRU
HYHU\SDUWLFLSDQWZHUHFDOFXODWHGLQGLYLGXDOO\IRUHDFKJDPH
QRUHODWLRQVKLSZDVIRXQGZLWKWKHPHDQUKRYDOXHEHLQJ
LQ DOO FDVHV DQG IRU 6XSHU 6QDS 6SLQ DQG 7UDFN QRW
VLJQLILFDQWO\GLIIHUHQWIURP:KLOHIXWXUHDQDO\VLVPD\H[SORUH
WKHSRVVLELOLW\RIQRQPRQRWRQLF UHODWLRQVKLSVEHWZHHQPRRG
DQGSHUIRUPDQFHRUSRWHQWLDOGLIIHUHQFHVLQVXEJURXSVRI WKH
FRKRUWWKLVILUVWDQDO\VLVVXJJHVWVWKDWHLWKHUDVLQJOHLWHP9$6
PHDVXUH LV LQVHQVLWLYH WR LPSDFWIXO FKDQJHVRI PRRG RU WKDW
PRRGDQGSHUIRUPDQFHZHUHXQUHODWHGRQDQ\WDVNLQWKHDSS
3UDFWLFH(IIHFWVDQG/HDUQLQJ&XUYH$QDO\VLV
(DFK SDUWLFLSDQW¶V IUHHGRP WR SOD\ HDFK JDPH XQFRQWUROOHG
QXPEHURI WLPHVDQG WKH OLNHOLKRRGWKDW WKLVZRXOGDIIHFWDQ
LQGLYLGXDO¶VSHUIRUPDQFHPHDQWKDWHLWKHULQFOXGLQJQXPEHURI
SOD\VDVDFRYDULDWHRUFRQWUROOLQJWKLVIDFWRULQDQDO\VLVLVWKH
PRVW HIIHFWLYH ZD\ WR DGGUHVV D JDPLILHG WHVWLQJ SODWIRUP¶V
LQGLYLGXDO IUHHGRP+RZHYHUYLVXDOL]LQJDW WKHJURXS OHYHO
WKHHIIHFWRIQXPEHURISOD\VRQSHUIRUPDQFHLVVWLOOSRVVLEOH
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)LJXUH 3UDFWLFHHIIHFWVDQGQXPEHURISDUWLFLSDQWVUHSOD\LQJIRUWKH5HDFWJDPHDQGWKH6XSHU6QDSJDPH
3ORWWLQJPHDQVFRUHVIRUDOOSDUWLFLSDQWVLQHDFKJDPHH[FHSW
IRUWKH5HDFWJDPHVKRZVW\SLFDOSUDFWLFHHIIHFWVDVSDUWLFLSDQWV
IDPLOLDUL]HG WKHPVHOYHV ZLWK WDVNV 3UDFWLFH HIIHFWV DUH YHU\
FRPPRQLQSV\FKRORJLFDODQGSV\FKRPHWULFWHVWLQJDQGDOPRVW
FHUWDLQO\ UHIOHFW VRPH FRPELQDWLRQ RI WDVN IDPLOLDUL]DWLRQ
GHYHORSPHQW RI DELOLW\ WHVWHG E\ WKH WDVN GHYHORSPHQW RI D
VWUDWHJ\ WR FRPSOHWH WKH WDVN DV VHW DQG SRVVLEO\ UHGXFHG
DQ[LHW\DERXWWKHWDVN¶VPHFKDQLFV>@
:KLOH  RI WKH  JDPHV VKRZHG W\SLFDO SUDFWLFH HIIHFWV²D
VWDELOL]LQJRISHUIRUPDQFHIROORZLQJDQLQLWLDOULVH>@²WKH
5HDFWJDPHEHLQJHVVHQWLDOO\DYHU\EDVLFUHDFWLRQWLPHWDVN
VHHPV WR KDYH EHHQ WRR VLPSOH WR SURGXFH DQ\ SUDFWLFH
HIIHFWGULYHQLPSURYHPHQWLQSHUIRUPDQFHDFURVVSDUWLFLSDQWV¶
ILUVWIHZVHVVLRQVVHH)LJXUHSUREDEO\EHFDXVHSDUWLFLSDQWV
LPPHGLDWHO\IDPLOLDUL]HGWKHPVHOYHVZLWKWKHWDVNRQWKHILUVW
SOD\ DQG QR HIIHFWLYH VWUDWHJLHV FDQ EH DGRSWHG WR LPSURYH
SHUIRUPDQFH+RZHYHUYDULDELOLW\RIWKHFRKRUWDVDZKROH²LQ
WHUPVRILQWHUSOD\LQWHUYDODJHJHQGHUDQG0(4²PHDQWKDW
IXUWKHUJURXSDQDO\VLVRISUDFWLFHHIIHFWVLVXQQHFHVVDU\7KH
SUHVHQFHRIH[SHFWHGVWDELOL]DWLRQRISHUIRUPDQFHDIWHUDQXPEHU
RISOD\V UHIOHFWV WKH DSS¶V LQWHQWLRQ WRPHDVXUHYDULDWLRQV LQ
SHUIRUPDQFH UDWKHU WKDQ WR WUDLQ RU LPSURYH SDUWLFLSDQWV¶
DELOLWLHV 0RVW LPSRUWDQWO\ LW PHDQV WKDW IXWXUH DQDO\VLV RI
ZLWKLQLQGLYLGXDOIDFWRUVHJWLPHRIGD\RISOD\VKRXOGKDYH
DVWDEOHSHUIRUPDQFHOHYHOIURPZKLFKWRFRQWUDVWVXFKFKDQJHV
Discussion
6XFFHVVRI$SS$SSURDFKHV
7KH ODUJH FRKRUW FROOHFWHG E\ WKH 28 %UDLQZDYH DSS DQG
PRUHRYHU WKH UHSHDWHGPHDVXUHPHQWRI WKLVFRKRUW LQTXLFN
HQJDJLQJJDPLILHGYHUVLRQVRIFODVVLFDQGQRYHOSV\FKRORJLFDO
WHVWV LV DQRWKHU GHPRQVWUDWLRQ RI WKH SURPLVH RI PRELOH
DSSEDVHGWHVWLQJ>@:KLOHZHGHOLEHUDWHO\GLGQRWFROOHFW
PRUHGHWDLOHGGHPRJUDSKLFGDWDZHFDQVDIHO\VD\WKDWZLWK
VXFK D ODUJH VDPSOH RXU WHVWLQJ FRKRUW ZRXOG KDYH EHHQ
H[WUHPHO\ GLYHUVH FRPSDUHG ZLWK VDPSOHV GUDZQ IURP
XQGHUJUDGXDWH SDUWLFLSDQW SRROV WKDW W\SLI\ PXFK
ODERUDWRU\EDVHGUHVHDUFK7KLVDORQJZLWKWKHVKHHUVL]HRIWKH
FRKRUW WHVWHG VKRXOG PHDQ WKDW DQ\ UHOLDEOH ILQGLQJV DULVLQJ
IURPWKLVGDWDVHWDUHUHODWLYHO\UREXVWDQGQRWKRVWDJHWRFRKRUW
HIIHFWV
7KHXVXDOFDYHDWVUHJDUGLQJWKHUHOLDELOLW\RIVHOIUHSRUWGDWD
DSSO\WRRXUGHPRJUDSKLFDQG0(4UHVSRQVHV>@:KLOHWKLV
KDVUHVXOWHGLQSRWHQWLDOFRQFHUQUHJDUGLQJWKHKLJKQXPEHURI
SDUWLFLSDQWVVHOIUHSRUWLQJWKHLUDJHDV\HDUVWKHSRVVLELOLW\
UHPDLQVWKDWWKLVLVDQDFFXUDWHUHIOHFWLRQ0RUHRYHUDVDIXOO
GDWDVHWWKHFRKRUWUHSOLFDWHVDQXPEHURIDJHUHODWHGILQGLQJV
ERWK LQ LQFUHDVHG PRUQLQJQHVV LQ ROGHU SDUWLFLSDQWV DQG
UHGXFWLRQV LQ FRJQLWLYH WDVN SHUIRUPDQFH 7KH YHU\ ORZ
SURSRUWLRQ RI SDUWLFLSDQWV ZKR ZLWKKHOG GHPRJUDSKLF
LQIRUPDWLRQ²RQO\SDUWLFLSDQWVRIRXUWRWDOFRKRUW
ZLWKKHOG HLWKHU WKHLU DJH RU JHQGHU LQIRUPDWLRQ²LV YHU\
HQFRXUDJLQJIRUIXWXUHPRELOHSKRQHEDVHGUHVHDUFKZKLFKFDQ
H[SHFW D KLJK OHYHO RI HQJDJHPHQW IURP SDUWLFLSDQWV ZKR
GRZQORDGWKHDSS
28%UDLQZDYHLVQRW WKHPRVWGRZQORDGHGUHVHDUFKIRFXVHG
DSS DQG VLQFH LWV UHOHDVH D QXPEHU RI LPSUHVVLYHO\ ODUJH
GDWDVHWV KDYH EHHQ FROOHFWHG DQG SXEOLVKHG XVLQJ RWKHU DSS
SODWIRUPV >@ DQG :HE DSSV >@ +RZHYHU ZKLOH 28
%UDLQZDYHVXIIHUHG IURP WKHVDPHSDUWLFLSDQWDWWULWLRQDVDOO
DSSVLWUHFUXLWHGDQLPSUHVVLYHO\HQJDJHGFRKRUWZKRUHSHDWHGO\
SOD\HGJDPHVSDUWLFLSDQWVSOD\HG!WLPHVHYHQWKRXJK
WKH JDPHV GLG QRW YDU\ RU EHFRPH PRUH FKDOOHQJLQJ ZLWK
FRQWLQXHGSOD\7KLVVXJJHVWVWKDWVRPHSDUWLFLSDQWHQJDJHPHQW
IHDWXUHVZHUHVXFFHVVIXO
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$NH\LQWHQWLRQLQWKHGHYHORSPHQWRI28%UDLQZDYHZDVWR
EDODQFH WKH GHPDQGV RI EHKDYLRUDO H[SHULPHQWV LQ WHUPV RI
GDWD YDOLGLW\ DQG RSHUDWLRQDOL]DWLRQRI WKH PHFKDQLVP XQGHU
VWXG\DJDLQVWWKHHQMR\PHQWDQGHQJDJHPHQWRIWKHSDUWLFLSDQWV
7KHKLJKOHYHOVRIHQJDJHPHQWE\SDUWLFLSDQWVZKRGRZQORDGHG
WKHDSSVXJJHVWWKDWDQLQJDPHQDUUDWLYHFKDUDFWHUVWRLQWHUDFW
ZLWK RU HYHQ DQ HODERUDWH JDPH HQYLURQPHQW PD\ QRW EH
QHFHVVDU\ 6WXGLHV GLUHFWO\ PDQLSXODWLQJ WKH H[WHQW RI
JDPLILFDWLRQKDYHUHSRUWHGVLPLODU ODFNRIHIIHFWRIFRPPRQ
JDPLILFDWLRQWHFKQLTXHVRQSDUWLFLSDQWDWWULWLRQ>@7KHJDPHV
ZKLOH RIIHULQJ GUDPDWLFDOO\ VKRUWHU VHVVLRQV WKDQ RQH ZRXOG
ILQG LQ ODERUDWRU\ WHVWLQJ GLG QRW GHYLDWH IDU IURP WKHLU
H[SHULPHQWDO WDVN KHULWDJH ([FHSW IRU WKH 5HDFW JDPH QR
VLJQLILFDQWFKDQJHZDVPDGHIURPWKHPHFKDQLFVRIXQGHUO\LQJ
SV\FKRORJLFDOWDVNVDQGWDVNVZHUHSUHVHQWHGZLWKRXWFXWHV\
SUHDPEOHVILFWLRQDOVFHQDULRVRUHYHQLQJDPHUHZDUGVEH\RQG
VLPSOH JUDSKLQJ RI SDUWLFLSDQW SHUIRUPDQFH :LWKKROGLQJ
LQGLYLGXDO SDUWLFLSDQWV¶ SHUIRUPDQFH JUDSKV XQWLO WKH\ KDG
FRPSOHWHG  VHVVLRQV OLNHO\ KDG WKH HIIHFW RI FDUU\LQJ PRUH
SDUWLFLSDQWVWKURXJKWKHVWHHSHVWSDUWRIWKHDWWULWLRQDQGPD\
KDYHFRQWULEXWHGWRWKHDSS¶VORQJHYLW\IRUWKHVHSDUWLFLSDQWV
6LPLODUO\ WKH HPEHGGHG DELOLW\ WR VKDUH RQH¶V SHUIRUPDQFH
JUDSK²FRQVWDQWO\XSGDWHGZLWKFRQWLQXHGSOD\²HQFRXUDJHG
ERWKWKHDSS¶VVSUHDGDQGWKHLQGLYLGXDOSDUWLFLSDQW¶VFRQWLQXHG
HQJDJHPHQW )XWXUH H[SHULPHQWDO SV\FKRORJ\ DSSV VKRXOG
SRWHQWLDOO\ IRFXV RQ WKHVH IHDWXUHV GXULQJ DSS GHVLJQ DV
SRWHQWLDOO\ KLJKO\ HIIHFWLYH VLPSOH WRROV WR HQFRXUDJH
SDUWLFLSDWLRQ2QWKHRWKHUKDQGRXUROGHUSDUWLFLSDQWV¶WHQGHQF\
WRFRQWULEXWHPRUHGDWDLQWHUPVRIVHVVLRQVSOD\HGPD\VXJJHVW
WKLVJURXSKDGJUHDWHULQWULQVLFPRWLYDWLRQWRHQJDJHZLWKWKH
DSS RU DW OHDVW VXJJHVW WKDW SDUWLFLSDQWV¶ HQJDJHPHQW ZDV D
IXQFWLRQ RI ERWK LQWULQVLF PRWLYDWLRQV DQG DSS IHDWXUHV RU
LQJDPHPHFKDQLFV)XWXUHVWXGLHVPD\ILQGLWYDOXDEOHWRVXUYH\
XVHUV GXULQJ GHYHORSPHQW WR LVRODWH WKH PRVW YDOXDEOH
HQJDJHPHQWIHDWXUHV
,QFOXVLRQRIWKHIXOO0(4>@DQGLWVSODFHPHQWDWWKHVWDUWRI
WKH DSS H[SHULHQFH PHDQW WKDW PRUQLQJQHVV GDWD FROOHFWHG
SURYLGHGSRVVLEO\WKLVHDUO\DQDO\VLV¶VVWURQJHVWILQGLQJ2XU
VDPSOH RI RYHU  DGXOWV UHYHDOHG VWURQJ HYLGHQFH IRU
LQFUHDVHGDJHFRUUHODWLQJZLWKPRUQLQJQHVV²ZLWKROGHUSHRSOH
EHLQJPRUHOLNHO\WREHPRGHUDWHRUVWURQJPRUQLQJW\SHVWKDQ
\RXQJHU SHRSOH ZKR LQ WXUQ DUH IDU PRUH OLNHO\ WR UHSRUW
WKHPVHOYHV DV PRGHUDWH RU VWURQJ HYHQLQJ W\SHV :H GR QRW
UHSOLFDWHWKHILQGLQJIRUDVLPLODUWHQGHQF\WRZDUGPRUQLQJQHVV
DPRQJIHPDOHUHVSRQGHQWVFRPSDUHGZLWKPDOHUHVSRQGHQWV
EXWDVZLWKWKHVWURQJUHODWLRQVKLSIRXQGZLWKDJHWKLVUHVXOWLV
LQOLQHZLWKSUHYLRXVVWXGLHV
$QDO\VLVRISHUIRUPDQFHLQWKHFRJQLWLYHWDVNVWKDWPDNHXS
WKH28%UDLQZDYHDSS¶VJDPHVVKRZHGWKDWWKHDSSSURGXFHG
YDOLGGDWDDQGLVVHQVLWLYHHQRXJKWRGHWHFWVPDOOEXWVLJQLILFDQW
HIIHFWVRIERWKDJHDQGJHQGHURQFRJQLWLRQ:HIRXQGVPDOO
HIIHFWVRIJHQGHULQRIWKHWDVNV5HDFW7UDFN6SLQDQG
+RWVSRWDQGQRHIIHFWLQWKHRWKHUWDVN6XSHU6QDS,QHDFK
FDVH WKDW D GLIIHUHQFH ZDV IRXQG PDOH SDUWLFLSDQWV VFRUHG
VOLJKWO\KLJKHURQDYHUDJHWKDQIHPDOHSDUWLFLSDQWV7KHJUHDWHVW
GLIIHUHQFH ZDV IRXQG LQ WKH 6SLQ JDPH LQ ZKLFK JHQGHU
DFFRXQWHGIRURIYDULDQFHLQDYHUDJHVFRUH7KH6SLQJDPH
LVDGLUHFWLPSOHPHQWDWLRQRIDPHQWDOURWDWLRQWDVNZKLFKKDV
SUHYLRXVO\EHHQIRXQGWRSURGXFHODUJHUHOLDEOHJHQGHUHIIHFWV
>@:KLOHDOOJHQGHUHIIHFWVUHSRUWHGKHUHDUHVPDOOWKLVFRXOG
ZHOOEHGXHWRSDUWLFLSDQWV¶IUHHGRPDQGUHVXOWLQJQRLVHLQWKH
GDWDVHW)XUWKHUPRUHWKHXQLGLUHFWLRQDOSDWWHUQRIJHQGHUHIIHFWV
UHSRUWHG KHUH PHDQ WKDW DQ DOWHUQDWLYH H[SODQDWLRQ IRU WKHVH
HIIHFWVRISODWIRUPLHPRELOHSKRQHDSSUDWKHUWKDQFRJQLWLYH
WDVNFDQQRWEHUXOHGRXW
7KHLPSDFWRIDJHRQJDPHVFRUHZDVPXFKPRUHSURQRXQFHG
WKDQWKDWRIJHQGHU+HUHZHUHSRUWHGVLJQLILFDQWUHGXFWLRQLQ
JDPH VFRUHV IRU ROGHU SDUWLFLSDQWV FRPSDUHG ZLWK \RXQJHU
SDUWLFLSDQWVLQDOOEXWWKH+RWVSRWJDPHDQGFRPSDUDWLYHO\ODUJH
HIIHFWVLQWKH6XSHU6QDS6SLQDQG5HDFWJDPHVLQZKLFKDJH
DFFRXQWHGIRUDQGUHVSHFWLYHO\RIYDULDWLRQ
LQDYHUDJHVFRUH7KDWZHIRXQGRXUODUJHVWHIIHFWRIDJHUHODWHG
WRGHFOLQHLQWKHWDVNPRVWKHDYLO\UHOLDQWRQUHDFWLRQWLPHLVRI
QR VXUSULVH²LQFUHDVHV LQ UHDFWLRQ WLPH KDYH ORQJ EHHQ
DVVRFLDWHG ZLWK LQFUHDVLQJ DJH >@ +RZHYHU HYLGHQFH ZH
IRXQGIRUDGYHUVHHIIHFWRIDJHRQERWKPHQWDOURWDWLRQ6SLQ
DQG ZRUNLQJ PHPRU\ 6XSHU 6QDS ZKLFK LQYROYH PRUH
VRSKLVWLFDWHGFRQVWUXFWVWKDQVLPSOHUHDFWLRQWLPHVXJJHVWVWKDW
WKHDSSLVLQGHHGVHQVLWLYHWRILQHJUDLQHGGLIIHUHQFHVLQVSHFLILF
DVSHFWVRIFRJQLWLYHSHUIRUPDQFH
)XWXUH5HVHDUFK
)XWXUH DQDO\VLV ZLOO IRFXV RQ WKH HIIHFW RI WLPH RI GD\ RQ
SHUIRUPDQFH )RU H[DPSOH WKRVH ZKR UHSRUW WKHPVHOYHV DV
PRUQLQJ W\SHV FDQ EH FRPSDUHG ZLWK WKRVH ZKR UHSRUW
WKHPVHOYHVDVHYHQLQJW\SHVDFURVVHDFKRIWKHWDVNVDOWKRXJK
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